The performances of two commonly used diet instruments, the Block and the Willett food frequency questionnaires, were compared with a longer, interviewer-administered diet history. Participants in a casecontrol study on diet and colon cancer were interviewed between 1990 and 1994 in northern California, Utah, and Minnesota by trained nutritionists using a validated diet history. Two separate subsamples of participants were asked to complete either the Block or the Willett questionnaire exactly 5 days after they completed the original diet history. Data were analyzed separately by subsample comparing either the Block or the Willett questionnaire with the original diet history by using means, correlations, quintile agreement, and odds ratios for the relation between several nutrients and colon cancer. The Block and the Willett questionnaires generally provided lower absolute intake estimates than did the original diet history; however, the Block questionnaire underestimated more than did that by Willett. Both correlations and quintile agreement were slightly better for the Willett questionnaire than for that by Block when compared with the original diet history. In general, point estimates obtained from either the Block or the Willett questionnaire fell within the confidence intervals of the estimates of the odds ratios obtained from the original diet history, and no real difference in significance levels appeared. Although the Block and Willett questionnaires differed slightly from each other and from our original diet history in estimating absolute nutrients and ranking or classifying individuals, they were very similar in their ability to predict disease outcome. Am J Epidemiol 1998;148:1137-47. diet; epidemiologic methods; food; nutrition surveys; questionnaires Epidemiologic studies attempting to relate usual dietary intake to disease use a variety of dietary instruments to gather information. In studies of cancer or other diseases in which the relevant exposure is past dietary intake, not current intake, the dietary history and food frequency questionnaire (FFQ) are the most commonly used tools.
subject to intrainterviewer variation. Variations of the diet history that take less time to administer and focus on usual past intake have been developed primarily for use in large-scale epidemiologic studies. These methods generally collect information on the type of food eaten and the amount, frequency, cooking method, and additions (2, 3) . FFQs, which are typically self-administered, ask the respondent to report usual frequency of consumption from a list of foods for a specified time period. Semiquantitative FFQs also ask questions on usual portion size. Some general questions may also be asked about cooking methods, types of fats used, and additions to foods. Two well-known semiquantitative FFQs, the Block Health Habits and History questionnaire (4) and the Willett questionnaire (5) have been compared on design characteristics and are similar in many aspects (6) . Several studies have reported on the criterion validity and the reproducibility of each questionnaire and have found similar results (7) (8) (9) (10) (11) (12) . Many studies using one or the other of these questionnaires have been able to detect associations between nutrient intake and disease (13) (14) (15) (16) (17) (18) . However, conflicting results from such studies relating energy and specific nutrients to disease could be attributed to differences in dietary instruments. To date, to our knowledge, no one has compared the ability of both questionnaires in the same population to detect associations with disease.
In a case-control study of diet and colon cancer in which we used an interviewer-administered longer dietary history, Diet, Activity, and Reproductive Risks for Colon Cancer Diet History (DARCC DH), we compared the relative performance of both the Block FFQ and the Willett FFQ with the DARCC DH, and we also compared the ability of each FFQ to detect the associations between diet and colon cancer found with the DARCC DH. We recognize that data derived from the DARCC DH are not a measure of truth, but represent estimates of dietary intakes derived from a more-detailed measurement tool. By understanding the differences in exposure data estimated by our method compared with the estimates from these other instruments, we are better able to compare our results with those obtained from other studies.
MATERIALS AND METHODS
Participants in this study were interviewed by trained nutritionists as part of a large case-control study on colon cancer by using the DARCC DH. Two separate subsamples of participants were asked to complete either the Block or the Willett questionnaire after the completion of the DARCC DH. Participants who were interviewed between April 1 and June 30, 1994, were asked to complete the Willett questionnaire, while those who were interviewed between July 1 and September 30, 1994, were asked to complete the Block questionnaire. If they agreed and the interviewer deemed them reliable respondents, a questionnaire was left at their home, accompanied by verbal instructions on how to complete the questionnaire exactly 5 days after the administration of the DARCC DH. Reminder telephone calls were placed, the first on the night before the specified day of completion and the second 2 weeks after the specified day to those who had not returned the completed questionnaire. Participants were also called every 2 weeks subsequently with a reminder until the questionnaires were returned. Completion rates were similar between the two subsamples (70 percent for Willett vs. 67 percent for Block).
The referent period that participants were asked to recall was identical for each of the two instruments that they completed, the DARCC DH and either the Block or the Willett FFQ. Cases recalled the calendar year 2 years before diagnosis, while controls recalled the calendar year 2 years prior to their date of selection for the study.
Dietary instruments
The DARCC DH used in this study is an adaptation of one originally designed in 1985 (2) for Coronary Artery Risk Development in Young Adults (CARDIA), a study of cardiovascular risk factors in young adults. It was modeled after the Burke method (1) and is similar to the diet history used in the Western Electric study (3) . It was further adapted for use in this study in 1990, primarily to reflect changes in the food supply (19) . The CARDIA diet history has been validated against seven 24-hour recalls (20) , and quality control methods have been described elsewhere (21) . Table 1 presents results from that validation study.
The DARCC DH was administered by a trained and certified nutritionist using a computerized program developed especially for this study (19) . Part I gathered information on fats used to prepare specific categories of foods or those used most frequently as additions at the table. In part II, participants were asked to recall specific foods eaten, the frequency with which they were eaten, and whether fats were added in the preparation. Fats reported in part I were included in the nutrient calculations for part II when the respondents reported that they prepared food with fat or added fat at the table. Foods eaten away from home that have added fat were assigned the fat most commonly used at a medium-priced restaurant. Participants were asked whether they ate certain categories of food. If the answer was yes, a cue card was given from which participants identified specific foods eaten within each category. There were 66 food categories, and the number of food items within each category varied. For example, the vegetable category contained 55 separate vegetable items, the fruit category had 48 items (not including juices), and in the beef category, there were more than 54 possible choices. In total, there were more than 800 different food items that could be chosen. The number of food items listed may be misleading because not every choice is seen by the participant; some choices are coded only after the participant states that a particular food item was eaten. For certain items for which it was possible that many types of food within a category would be eaten, such as types of cereal, participants were asked to report the three most commonly eaten items. For categories of foods commonly eaten with additions (such as breads), information was also obtained on the frequency of certain additions. Seasonal consumption was obtained for fresh and canned fruits and for selected vegetables. Standardized plastic food models (Nasco, Fort Atkinson, Wisconsin) were used to help participants estimate their usual serving size. (See appendix table for a sample page of the questionnaire). Nutrient values for specific foods were calculated using the Nutrition Coding Center, version 19.0, nutrient database (22) .
An adaptation of the Block (National Cancer Institute) semiquantitative food frequency designed for the Polyp Prevention Trial (23) was utilized in this study. This version of the Block questionnaire was adapted from the 97-item HHQ.full. January 1992 scannable version. Table 2 presents the number of food items by category in the version of the Block questionnaire utilized in our study (105 items) compared with the commonly used version of the Block questionnaire (97 items). The additional eight food items consisted mainly of high-fiber cereals and breads and low-fat dairy or meat items. Participants were asked to recall frequency as well as amount (small, medium, or large serving sizes).
The version of the Willett questionnaire utilized for this study was adapted by the University of Minnesota for use in diet and cancer studies being conducted there. It was adapted from the 126-item Willett questionnaire used in the Nurse's Health Study (11) and consisted of 153 food items. Most of the food items added were vegetables (eight additional items) and fruits and fruit juices (nine additional items) (table 1) . Participants were asked to recall frequency of consumption and to adjust their frequency if they had consumed more or less than the specified standard serving size. Both questionnaires were self-administered. Table 2 compares the Block questionnaire with that by Willett by category of food and demonstrates differences in the two questionnaires. In their commonly used versions, the Willett questionnaire has more individual vegetables, sweets, and beverages and slightly more fruits and breads, starches, and cereals. It has fewer items in the category eggs, meat, fish, and poultry. Since the adaptation of the Willett questionnaire used in this study has even more vegetables and fruits added to it, the difference between the two questionnaires used for this study in these food categories is even greater than the differences between the commonly used versions. Differences in other food categories are similar to those between the commonly used versions of the questionnaires.
Both the Block and the Willett questionnaires were reviewed for completeness and for double entries. Participants were telephoned to complete missing items or to correct ambiguous data. The Block questionnaires were converted into nutrient estimates using DIET ANAL (24) . Most options used in the DIETANAL program, such as eliminating those with Data for persons whose total calorie values on any questionnaire seemed extremely low or high were considered unreliable; males whose intakes were less than 800 or greater than 4,200 kcal/day and females whose intakes were less than 600 or greater than 3,500 kcal/day on any questionnaire were excluded. Of those who completed the Willett and Block questionnaires, 8.7 and 11.5 percent, respectively, were excluded because of extreme caloric intakes given on either or both questionnaires. All values presented from each questionnaire are for food only.
Data analysis
Data were analyzed separately by subsample, comparing either the Block or the Willett questionnaire with the DARCC DH in several ways. Means, medians, and standard deviations for absolute values of nutrients were calculated. Spearman correlations were computed. For further analysis, all nutrients were natural log-transformed. Pearson correlations were computed for unadjusted nutrients, and nutrients were adjusted for energy by the method described by Willett and Stampfer (25) . The classification of persons into quintiles of energy-adjusted nutrients by the DARCC DH was compared with the classification by either the Block or the Willett FFQ in two ways: the percentage of people in the highest or lowest quintile by the DARCC DH who fell into the same, same and neighboring, or opposite quintile by the other FFQ or the proportion of people for all quintiles of the DARCC DH who were classified within plus or minus one quintile by the other FFQ. Lastly, we examined odds ratios for the relation between several nutrients and colon cancer to determine how odds ratios vary by dietary method used. Unconditional logistic regression was used to obtain odds ratios and 95 percent confidence intervals, adjusting for several dietary confounders as well as body mass, lifetime activity, and family history of colorectal cancer. We tested the significance of the difference between the Willett and the Block logistic regression coefficients by using Wald tests.
RESULTS
Distributions of age, race, educational level, and tumor site were similar among both subsamples; 80 percent were aged 60-79 years, 94 percent were white, 63 percent had more than a high school education, and 53 percent of cases had distal tumors. Of those who completed the Willett questionnaire, there were more males (66 percent) than females, while there were approximately equal numbers of males and females in the Block sample. would be classified into quintiles using the DARCC DH compared with either the Block or the Willett FFQ. The Willett questionnaire performed slightly better than did that by Block at exactly matching extreme quintiles. For the lowest quintile, the median percentage for exact agreement was 54 percent for the Block questionnaire versus 62 percent for Willett questionnaire. The Willett questionnaire had better agreement on seven of 12 nutrients examined, and the questionnaires were equivalent on calcium. For the highest quintile, the median exact agreement was 47 percent for the Block questionnaire versus 52 percent for the Willett questionnaire. The Willett questionnaire performed better on nine of 12 nutrients, and the questionnaires were equivalent on alcohol. The Willett questionnaire performed the same as or better than the Block questionnaire for classifying within one quintile of the extreme quintiles. The median percentage for the lowest quintile was 80 percent for the Block questionnaire versus 79 percent for the Willett questionnaire, and for the highest quintile, it was 71 percent for the Block questionnaire versus 79 percent for the Willett questionnaire. There was little gross misclassification (classifying into opposite quintiles). Considering all quintiles on the DARCC DH and determining the percentage classified as the same or within one quintile by the other questionnaire, the median percentage agreement was 75 percent for the Block questionnaire and 78 percent for the Willett questionnaire. The Willett questionnaire performed better on 10 of 12 nutrients, and fat was equivalent. Table 6 compares the odds ratios obtained using the DARCC DH and either the Block questionnaire in the Block questionnaire subsample or the Willett questionnaire in the Willett questionnaire subsample. All but one of the odds ratios were nonsignificant, and in general, point estimates obtained from the Block or the Willett questionnaire fell within the confidence intervals of the estimates of the odds ratios obtained from the DARCC DH. This was true for all of the estimates from the Willett questionnaire and for seven of the nine examined from the Block questionnaire. The Block questionnaire tended to overestimate the odds ratios more frequently, while the Willett questionnaire tended to underestimate the odds ratios more frequently. For four of nine nutrients examined, the Block questionnaire estimates were within 20 percent, while for the Willett questionnaire, seven of nine were within 20 percent. When formally tested, the odds ratios obtained from the Willett and the Block questionnaires were not statistically different from each other for any nutrient.
DISCUSSION
We have compared the performance of two dietary instruments most commonly used in epidemiologic studies, the Block and the Willett questionnaires, with the DARCC DH, the nutrition instrument chosen for use in this study. The purpose of this study was twofold. First, we wanted to compare our instrument with the two shorter questionnaires for typical characteristics usually measured in validity studies, and second, we wanted to examine how our estimates of disease risk may have differed had we used a different instrument.
For the purpose of this comparison study, we make the assumption that data obtained from the DARCC DH are the gold standard, and the performance of the other two instruments is measured against it. However, this does not assume that the information from the DARCC DH is the truth or is even a more-desirable method for data collection than either the Willett or the Block questionnaire. We cannot assume if we had used a different gold standard, such as food records or 24-hour recall, our results would have been the same. This instrument was chosen for use in the colon cancer study because it has a very detailed food list; it allows us to gather extensive information on the use of fats, both in cooking and as additions at the table; it allows us to collect information on specific fruits and vegetables; and it utilized a trained nutritionist for administration. We believed all of these attributes would allow us to gather better information on the nutrients of interest for this study than a shorter, less-expensive, self-administered questionnaire, such as that by Block or Willett. In addition, validation data from the original CARDIA instrument (from which the DARCC DH was adapted) when compared with multiple food records produced correlations similar to or higher than that which has been found by the both the Block and the Willett questionnaires (20) . It has been assumed that the Block questionnaire and the Willett questionnaire food frequencies are similar instruments (in terms of their mode of administration, length of and type of food list, validity, and reproducibility), and the decision to use them in a specific study often has been based on convenience or familiarity rather than on scientific goals of the study. The one obvious difference between the two instruments is that in the Block questionnaire the respondent is asked frequency separately by indicating a small, medium, or large portion size, while the Willett questionnaire assumes that the respondent takes into account the medium portion size specified when designating a frequency and adjusts the frequency accordingly. The Block questionnaire has assessed the added value of designating a portion size over assuming a standard one and has concluded that this does increase the validity when compared with 4-day food records (25) . From the data collected in this study, it appears that the Willett questionnaire was more similar to the DARCC DH than was the Block questionnaire in estimating absolute nutrient intake. Both questionnaires underestimated nutrient intakes compared with the DARCC DH, more so for males than for females. Higher intakes on the DARCC DH may be an artifact of the DARCC DH having a greater number of food items (26) . It is unlikely that having a higher percentage of males in the Willett subsample compared with the Block subsample biased the results, since for both sexes the values from the Willett questionnaire were closer to the DARCC DH than were the values from the Block questionnaire.
It is unlikely that differing seasons of administration for the Block questionnaire (spring) and the Willett questionnaire (summer) were responsible for differences between the two instruments. Both questionnaires asked about intake over an entire year for a referent period 2 years in the past.
Carotenoids and vitamin C are nutrients of particular interest in cancer studies. We found that values for both beta-carotene and vitamin C were lower on the Block questionnaire than on the DARCC DH. However, when compared with multiple 7-day recalls, the original CARDIA questionnaire overestimated vitamin A intake, indicating that the DARCC DH could also be overestimating at least beta-carotene (and, most likely, vitamin C because it is present in many of the foods that are high in beta-carotene). The Willett questionnaire reports total carotenoids and, thus, cannot be directly compared with the DARCC DH, which reports only beta-carotene. For vitamin C, the Willett questionnaire more closely approximates the values from the DARCC DH than does the Block questionnaire. However, the version of the Willett questionnaire used for this study added 17 additional fruits and vegetables, which most likely contributed to higher estimates of these nutrients than would have occurred from the more commonly used version of the questionnaire (26) .
Correlations and quintile agreement with the DARCC DH also were slightly better for the Willett questionnaire than for the Block questionnaire; however, both sets of correlations were in the general range of what has been found when each of these food frequencies or the CARDIA diet history have been compared with either food records or 24-hour recalls.
The comparison between instruments of most interest to epidemiologists is the ability to calculate risk of disease. We did not observe any significant differences in estimating odds ratios between the two instruments when each was compared with the DARCC DH. We examined several nutrients that were found to have the strongest associations in other case-control studies of diet and colon cancer. While it is difficult to provide precise estimates with small numbers of subjects, the point estimates were similar in magnitude. Even though the odds ratio for energy was significant for the Willett questionnaire but not for DARCC DH, each of the point estimates fell within the confidence intervals of the other. Furthermore, there were no statistically significant differences in the odds ratios between the Willett and the Block questionnaires. We cannot rule out the possibility that, given a larger sample size, we would have seen differences in performance between these two instruments.
The motivation for this study was to examine whether or not our findings in relation to colon cancer risk were attributed to our unique instrumentation or could confidently be compared with other diet and colon cancer studies employing the more commonly used Block and Willett questionnaires. We are persuaded from the above results that even though our instrument may differ slightly from the Willett and the Block questionnaires and they may differ slightly from each other in either estimating absolute nutrients, ranking, or classifying individuals, when it comes to their use in predicting disease outcomes, these differences do not significantly impact study results. Furthermore, it is likely that the small differences observed in odds ratios between the Block and the Willett questionnaires and between the two different samples using the same diet history (DARCC DH) are due to random variation. However, to conclude from these results that differences in dietary instrumentation in general may not be a valid explanation of the differences in findings between studies is still premature. These kinds of analyses need to be repeated using larger sample sizes and examining additional nutrients to confirm what we have observed from limited data.
